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Introduction

The organic polymer coatings are largely used to proted
metalli ¢ structures from the corrosion in agueous medium,
but the absorption of water (water-uptake) induces the
degradation of these protedive layers. An equivaent
circuit model describing the dedrochemicd behavior of
paint coated eledrode involving flaw areas was proposed
in our ealier work [1].

However, as shown in a previous paper, this model cannot
represent EIS of flawless film and the permittivity
relaxation of polymer layer itself, influenced by absorbed
water in polymer layer, becomes the major phenomenon
[2]. The presence of this dieledric layer is observed as a
cgpadtance C(«) in EIS. C(«j) islinked to the permittivity
through a plane andenser mode!:

Clw) = &(0) & S/d D
&, S, and d stand respedively for the dieledric constant
of vaauum, the surface a@aea and the thickness of
dieledric materia. &w) may follow the Hauvriliak-
Negami’s relationship including the conductance through
apolymer film[2]:

&(0) = &) + Ae/ {[1+( w11} + K/ [&o ( )]
with A £ = &(0) — &(0) 2
Where @ T, Ag, &() and £(0) denote respedively the
angular frequency, the dipolar relaxation time-constant,
the dispersion strength of dipolar relaxation, and the high
and low frequency limits of permittivity. a and g are
empiricd constants to describe the frequency dispersion.
k and y are the conductivity of polymer film and an
empiricd constant acourting for the frequency

dependence of ionic conduction.
From experimental EIS results, so cdled Cole-Cole
cgpadtance C,(«) was cdculated:

Ce(@) = U[j w(Z(c) - Ro)l ©)
Ro stands for the solution resistance This cgpadtance @n
be expressed by the sum of dieledric relaxation C,(c) and
ionic resistance of film that depends w

Cow) = C) + V[Re (j &)'] ©)
By combining Eqs 1 to 3, one getsreadily
R=¢&d/kS (5)

The fradional volume of water ¢ absorbed by poymer
layer is expected to follow Fick’s law [4] hence &(w),
however, abnormal sorption kinetics will be observed
when the relaxation of maaomolecular-chains is dower
than dffusion process Then no cgpadtance plateau
corresponding to the water saturation will be deteced.

Results and Discussion

Figure 1 presents the Cole-Cole cgadtance Thisresult is
in agreement with that predicted by Eq 4. The values of
parameters defined in Eq 2 were cdculated by a simplex
regresson method. Among others, it was found that:
R=20GQ cm?, y=0.859, &(«0)=5.4, and £0)=8.88. R
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Figure 1: Cole-Cole plot of experimental EIS data.
Mild sted coated by 180um epoxy paint in an artificial
irrigation water. After 80min of imnersion.
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Figure 2: Effed of water-uptaketo () andT.

value corresponds approximately to the dord of
cgpadtanceloop olserved by impedance diagram.

Figure 2 presents (o) and 1 changes vs. the square root
of immersion time. T deaeased with time indicaing a
plasticizing effect of absorbed water. But both €(e0) and 1
showed an inflexion point at ca. 4 hours. Therefore,
abnormal sorption kinetics was introduced to interpret
these experimental data. The wmparison with the results
obtained with epoxy-vinyl coating will be done.

Conclusion

El'S technique was applied to study the water uptake of an
epoxy coating. The Cole-Cole cgadtance spedra
cdculated from impedance data were interpreted in terms
of maaomolecular mobility leading to the dipole
relaxation. The water uptake was charaderized by the
€(e0) increese, and a plasticizing effed of this absorbed
water by the deaease of relaxation time constant. It was
also remarked that an abnormal sorption kineticsis taking
place
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